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(57) Abstract: A method of manufacture of a vehicle 
mounted rotary concrete mixing drum of the type having an 
opening at one end for receiving and/or discharge of concrete 
therefrom and at the other end, means for engaging a drive 
assembly so as to rotate the drum for mixing or discharging 
concrete. The drum is manufactured from at least one mould 
using at least plastics material and further includes integrally 
attached vanes outsland from the internal surface of the drum 
forming an archimedian spiral disposed such that when the 
drum is rotated in a first direction, the concrete contents are 
■ mixed and when the drum is rotated in a second direction the 
contents are discharged from the drum; wherein, the method 
comprises the steps of; a) preparing a first generally helical 
inner mold part containing a surface extending between first 
and second helical edges; b) mounting the first helical inner 
mould part on a support c) enclosing the inner helical mold assembly within an outer mould formed by at least one outer mold 
part; d) fitting a second mating inner helical mold part to the first inner mould part to form an inner mold assembly; e) injecting 
a polyurethane elastomer into a cavity defined by said inner mold assembly and the outer mould assembly to form an inner wall 
element comprising one half of an interior wall of the mixer and one helical blade; 0 allowing said polyurethane to cure; g) removing 
said at least one outer mold parts to expose said inner wall element; h) removing said inner wall element one said inner molds; 
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VBHICLBMOXJiqTED CONCBJStB MIXING DRUM AND METHOD OF MANUFACTURE 

THEREOF 

The present invention relates to concr^ mbdng apparatuses and more particularly relates 
to a vehicle moutcted plastics drum for F"''x»"g concrete and a method tnano&ctore 
thmof. 

PRIOR ART 

The building industry makes widespread use of concfete mMiog tnidra for tcanq[>ortation 
of ready mixed concrete to sites for concrete pours. These trucks typically comprise a 
large t^^'y^ng asserobly mciuding a mixer druin mounted to the vehicle and ^^ch is 
connected to a mixer drive for mi>dng concrete contents during transportation and for 
dischaige of the contents on site. The drive system comprises a gear box vAikh takes 
power from the vehicle motor and ^ich applies a mixing torque to the drum imparting 
axial rotation to the drum with the torque behig adjustable depending t{>on the operatix^ 
requirements. The above general arrangement is described in United States patent 
4^585^56 which discloses a concrete mixer truck having a mixer drum ad^jted to be 
rotated by the traction motor of the vehicle through an auxiliaiy transmission of tibc 
traction motor transmission. 

According to the known vehicle mounted mixing assemblies^ tbe nuxuig drum is typically 
of heavy duty steel construction and is disposed at approximately 10 to 15 degrees fitom 
horizontal. The drum is fitted with internal vanes or mixing blades defining an 
acchimedian spiral so thai as the drum rotates in a first direction the concrete held therein 
is mixed and as the drum is rotated in the opposite direction, the concrete is discharged 
from the drum via an elevated dischaige oriSce under the reverse action of the infernal 
spiral vanes. The drum is disposed such tiiat the drive end is lowest and the discharge end 
is highest relative to a generally horizontal plane of the vehicle. 
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While steel dnuxss have been in use for many years, Ihey su^ ftom a number of 
attendant disadvantages relating to tbeir cost of mannfiictme and rqpkcement, woddng 
life, wear characteristics^ weight and volume. 

Steel drums aie esq^ensive to manufacture due to their labor intensive construction which 

5 involves rolling steel sheets into conical portions and cylinders yAiich once fibricated are 
then welded to form fbe finished tank. The archimedian spirals formed from flat sheets 
' are then welded into position inside the dram. As concrete is a highly abrasive material, 
internal surfeces of steel dnims are subject to significant wear abrasion. This occurs 
particularly on the suij&ces which take slump impact; sliding fiiction and shear load 

10 leading to eventual wearing out of the diunt 

Typicafly, a steel drum used eveiy day might last three to five years, thereafter requiring 
leplacement at significant cost "Hie abrasion of internal sur&ces is increased where tinere 
are changes of slope in the drum walls usually where the segmeaxts of the drum arc joined. 
The mivitig blades aie welded to the internal sur&ce of the drum catismg shatp angled 

15 recesses in v^ch concrete can gather and eventually build up degrading the fntenial 
sur&ce and providing a catchment for fhrther unwanted build up of concrete. By its 
nature, a steel sur&ce is relatively smoofli and whilst this may be desirable for the 
purpose of preventing concrete build up on the walls of the drum, the intei&ce between 
- the concrete and steel wall is an area of abrasion rather than concrete mixing. 

20 Ideally, mixing of concrete should take place throughout the whole nux, but in the steel 
dnuDS, optimum mixing does not take place at tfie boundary layer and in crevices in 
^^ch concrete mi^ collect In &ot, due to the nature of the fiictional interfiice between 
the steel sur&ce and concrete boundary layer, laminar flow occurs resulting in little or no 
mixing at the boundary layer. The reason for this is that the aggregate in the concrete 

25 slides and abrades ( with reduced or no mixing) rather than rotates to feciUtate mixing: 
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Thus tbfixe are 'dead' spots inibe niix where no mixiiig takes place and where tiiere is aa 
increased potential &r nni;*«nfced collection of cononete. In addition to the above 
probJems associated with the use of steel mixing drums, there are cost and weight Actors 
which add to inherent inefficiencies in use of steel drums. Due to the dead weight of tixe 
5 steel drum, its volume must be xegtrwted so the combination of flie dead weight and 
conctete weight must be maintained within Has maximum allowable loading limits for the 
vehicle to which the drum is attached 

An attemative to the known steel drums was proposed in PCX lolemational patent 
application PCT/AUOO/01226 to Rodgers and Kbouri. That appUcation teaches 1h© 

10 possibility of using a Kgjitweight material such as plastics fer construction of a con<a»te 
drum as a substitute for steel whilst recognizing that there were numerous 
structural and matiu&cturing difficulties to be ov^come in making the transition to 
plajstios not the least of which was the production of a drum which could withstand flie 
high static and dynamic toadings to which truck mounted mixing drums are subject to in 

15 normal operatioiL If Ae weigjit of tfie drum could be reduced without conqiromising and 
possibly increasing drum volume, the weight reduction could be taacen up with additional 
concrete thereby increasing the pay load 

There axe variety of concrete mixing drum arrangements disclosed in Hbt prior art none of 
which as &r as the inventor is aware anticipate the method of m a nuftc ture of a plastics 

20 drum to be described hereirL 

United States patent 4,491,415 discloses a lightweigW; pear shaped rotary mbdng device 
open at one end and having an axially elongated soctet at the large end The drum is 
rotatably supported on a unitary base having a transversely extended forward end and an 
iqiwardly and angularly extending rear end providing a bearixjig portion detachably 

25 raigagable wiA the socket to rotatabfy support the drum at an inclinalion of about 35 
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degrees. Tb^ drum has a plurality of axially extending radial Gxxs for lifting contenls m 
rotation diereof and is preferably &shioned fiom molded plastics material either as a 
mhsary body or as a phirality of interfitting parts. Tbe drum described in this patent is fox 
li^t duly operation and does not have the structural and materials characteristics 

5 necessary for heavy duty concrete mixing operations. 

United States Patent 5,11 8,1 98 discloses a cement mixing apparatus with a cradle support 
assembly and including a polyethelync cement mixing drum held and supported by a 
cradtc arm asseinbly formed of cradle base support braces and upright cradle aims which 
interfit into cradle ann recesses vt/hicb arc preformed with the pol3fed3ylene drum. A bull 

10 gear drives the polyethylene drum. The drum disclosed in this patent is intended for li^ 
duty cement opmtions and does not address the structural and manufacturing 
requirements for heavy duty operations. United States patent 5,492»401 discloses a 
concrete mixer with a mixing drum consisting of high density crosslinked polyethylene 
material The drum includes a bottom si^ported buy a conventional rigid metal pan 

IS secured to the external sur&ce thereof to tigidify the plastic drum and extend Ibe life 
expectancy of the plastic drum by enabling the concrete mixer to be used to conqdete a 
mixing job at a job site even though movement of the concrete nnx within the drum 
during repetitive mixing cycles may ultimate]^ wear a hole through the bottom of the 
plastic dxuHL Paddle assembles are positioned interiorly of the drum and oriented to 

20 maintain minimum splashing during the nxbdng operation. Not only is the drum disclosed 
in tins patent unsuitable for heavy duty vehicle mounted operation the patent m &ct 
teadbes a means tD accommodate a wear &iliire on site whereby a hole could be worn 
'flarougih the wall of the drum 

The prior art teaches use of plastics drums for sroall ceraent mixing operations. However 
25 there are inh^cent difBculties in manufacturing plastic drums to an acceptable standard of 
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sfiengdi azid leliabfli^. Plastics dnims requixe use of matarifllg which for a drum profDe 
by use of a mould. As the disdiarge opezung to a drum is nanov^ than ihe rraaiitder of 
the drum, it not possible to remove a mould trom an ianer surface unless the drum is 
made in sections vvfaich can be joined to form the drum structure^ A number of methods 

5 of manu&cture of plastics heavy duty mixing drums have been proposed in PCX 
application PCr/AUO0/D1226 which discloses a heavy duty rotary concrete mixing drum 
for attachment to a vehicle which is characterized in that the drum is manuf k ptu r ed fix>m 
at least one mould and from at least one plastics material and wherein the drum includes 
an inner suT&ce having a properly which promotes mixing of the oonorete at tibe boundary 

10 layer betwemtte concrete and said inner surface and reduces wear. 

A numiber of dififesrent methods weane proposed in that application for the manufacture of a 
drum of the type disclosed. 

INVENTION 

The present invention seeks to provide an alternative method of construction of a 
IS heavy duty vehicle mounted rotating cement or concrete mixing drum &bricated from 
plastics matmals. The drum produced by the method of the invention described herein 
overcomes the. aforesaid disadvantages of the prior art and maintains efiScient concrete 
tnngi'ng characteristics. Acceding to Ihe invention there is provided a method of 
constructioD of a plastics concrete mixing drum wherein the method includes tibus use of 
20 inner and outer molds each made up from separate mould parts whic;h are divided along 
two helical Imes mid way between the mixing blades tiiereby allow formation of a drum 
interior firom two identical molds. 

In one broad form the ptesent invention conq^rises: 
a metibod of manufacture of a vehicle mounted rotary concrete mixing drum of the type 
2S having an opening at one end for receiving cmdyor discharge of concrete therefrom and at 
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ihe othor end, ineaiis ftxr engaging a drive asseoobly so as to rotate the drum &r mixing or 
HggnliargiTig coiia:ete; wherein, ^ dram is irantdactiired finom at least one mould using 
at least one plastics material; wherein tbe drum fiirther iDcIudes integrally attached vanes 
which outstand from the internal sur&oe of the dram forming an arohimedian spiral 
disposed sudh that whra ihe drum is rotated in a first direction, the concrete contents are 
TTHv^ and when the dram is rotated in a second direction the contents are discharged 
from said drum; vsdierein, ihe mediodcomiirises the stq>s of; 

a) preparing a first generally helical inner mold part containing a sur&ce extending 
between first and second helical edges; 

b) momiting the first helical inner znouldx)art on a sijppoit 

c) enclosing the ixmer helical mold assembly -wiOm an outer mould finrmed by at least 
one oyjter mold part, 

d) fitting a second mating inner heUciLinoId part to the first inner mould part to 
inner mold assembly; 

e) injecting a polyurcthaae elastomer into a cavity defined by said inner mold assembly 
and tbe outer mould assembly to form an inner wall element comprising one half of 
an interior v/all of the mixer and one helical blade; 

f) allowing said polyurefhane to cure; 

g) removing said at least one outer mold parts to €aqpos^ said inner wall element; 

h) removing said inner wall element one of said inner molds; 

Tbe method preferably compme$ the additional step of placing a reinfrncting mfsnober in a 
recess ifonned in. said inner mold part Steps a) - h) are repeated thereby providing a 
second helical inner wall element The first and second helical inner wall elements are 
con:iplimentary and combine to form an inner wall sur&ce of the mbdng drum, Tbe first 
and second helical inner wall elements are then preferably placed into a jig where 
opposing edges of said elements are held acyacent; the wall elements defining aa inner 
cavity of said diunx Opposmg edges of the elements are sealed to complete the inner 
of the drum The ixmer waU is removed from the jig and placed the inner wall on a 
mandrel such that the mandrel is disposed in the inner cavity. The inner wall is placed on 
time miandrelvia anopenendof Ihe inner wall whereupon structural layers of glass fibre 
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leitifozced plastic axe applied to fhd poljnirediaxie iixoier layer. Preferablyp fhe izitiCCTal 
sur&ce of the dram includes an elastoxofir which will allow mixing of the contents of the 
coACtete at a concrete bonndazy layer; 

The reinfbroing member is piefeiably a eontinnons rope m$erted m a recess in a fbitnation 
-v^ch will form telical blades. 

The method includes tbe use of inner and outer molds each omde up from separate 
mould parts which are divided along two helical lines thereby allowing formation of a 
drum interior wall from two complementaTy mould parts. 

In anotber broad form the prescait invention oompdscs: 
a method of manu&cture of a vehicle mounted rotaiy concrete mixing drum of fhe ^rpe 
having an opening at one end for receiving and dischaige of concrete therefrom and at the 
oflaer end means for eng^gmg a drive assembly so as to rotate the drum for mixing or 
dischargitiig concrete; wfa^ein, ibe drum is manufactured from at least one inner mould 
and at least one opposing outer mould; ^K^ieiein ^ drum includes integralt/ Attached 
vanes which outsland from die internal surl^ce of the drum forming an archimedian spiral 
disposed such that when the drum is rotated in a first direction, the concrete contexxts are 
mixed and when the drum is rotated in a second direction the contents are discharges from 
said drum; and v^r^ the internal sur&ce of the drum is formed or lined with an 
elastomer vAdch causes mixing of 4)e contents of die concrete at tiie concrete boundary 
layer; wherein the method comprises &e steps of ; 

a) preparing a first inner helical mold containing a sur&ce intermediate side edges of 
the motdd; 

b) placing a xeiiifoioing rod in a recess in said inner mold; 

c) enolosing the inner helical mold assembly within at least one outer mold par^ 

d) sealing ajoint between said inner moM pail and said at least one outer mold par^ 

e) injectmg a polyuie&ane elastomer into a cavity defined by sai^ and said 
at least one outer mold part to form an inner helical waU element comprising one half 
of an interior of the mixer and one helical blade; 

S) allowing said polyurethane to cure; 
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h) raxKndboig said at least OB6 outer 
0 lemovxng one of said inner molds; 

j) removing the incerior polyurethane inner helical wall element molding from the 
remainder of the inner mold assembly; 
S k) xepeatmg steps a) ~j) to form a second innexvk^ element 

Preferably vAasn a first and a second inner wall element are placed in z jig jointing 
sux&ces axe hdd adjacent to enable sealing the join jEbtmed by the jointing sur&ces. 
According to a preferred embodiment^ a mandrel is inserted into an open discharge end 
of a dmm interior foUowing which stractural layers of g^teiss £bie reinforced plasties die 
10 . wound about an outer sur&ceoftbe inner wall 

In another broad £ann the present invention conq>rises: 

a method of construction of a plastics mixing drum comprising the steps o£ 

a) preparing a first inner mold containing a surfece extending from a joint line inidmy 
15 between two heMcal blades to a mid line mould joint line at an inner edge of said blades; 

b) placing a reinforcing rod in a recess in said inner mold; ^ 

c) fitdng a second mating inner helical moM to fbna an inner mold asseadbljTa 

d) enclosing the ixmer helical mold assembly within at least one outer mold part; 

e) sealing a joint between said inner mold assembly and said at least one outer mold 
20 part; 

ixyecting a polyurethane elastomer into a cavi^ defmed by said inner mold assembly and 
said at least one outer uaiold part to fonn one half of the interior of the mixer and one of 
the helical blades; 

f) allowing said polyurethane to cure; 

2S g) removing said at least one outer mold parts; 
h) removing one of said inner molds; 

]) removing the interior polyuretbane molding &om the rmiainder of the inner mold 
assembly; 

j) placing said two helical blade and interior moldings in a jig vAnscc the jointing 
30 sur&ces are held actjacent; 

k) inserting a ttiandrel into an open discharge end ofifaedrum; 

1) applying structural layers of glass fibre reinforced plastic the polyuretbane lay ot. 

Piefecably the resn&tcing ia fitted using spaceis which centreliae ihe rdboXoroing zod or inp9 in Its mess. 
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Preferably fbe jSrst and second inner helical mold elements are jointed wx£h a sealing 
.compound or gaskets along an inner edge. According to one eatnbodimffnt^ tlie outer mold 
informed in three separate xDOld parts. 

Preferably* a joint between the tvsro inner helical elements fonning a helical blade is made 
with a polymelhane elastomer compound. 

in another broad form the present invention comprises; 

a method of noami&cture of a vehicle moimted cotusrete mixing drwn oon^srising ib& 
steps olg 

a) ialdngaheHcaIimiermoiddpaitandnM>imtin£lhemoi2ldonas 

b) placing at least one external mould in opposing rel^ 

c) ixgecting a flowable material into a space formed betivam said inner mould and said 
outer mould such that the flowable material forms a helical element which will form 
at least part of an inner sur&ce of said drum; 

d) zemovmg the at least one outer mould; 

e) removuig the helical element from said inner mould; 

f) repeating steps a) - e) so as to form a second helical element; 

g) preparing an exlerior sur&ce of the helical elements for honjding to a structural layer 
of glass fibre, 

Preforablyy the flowable material is polyurethane. 

In gnn ttiftr btoad form of an apparatus aspect the present invention comprises 

a vehicle mounted rotary concrete mixing drum of the type having an opening at one 
end for receiving and/ot discbarge of concrete therefiom and at the other eut4 means for 
engaging a drive assembly so as to rotate the drum for mixing or discharging concrete; 
vsdierein, the drum is manu&ctored fiom at least one mould using at least one plastics 
nTptfflrf'*^: wherem the drum furth^ inchides integraUy attached vanes v^icb outstand jSrom 
the intCTial sur&ce of the drum forming an archimedian spiral disposed such that when 
the drum is rotated in a first direction, the concrete contents are mi>ced and when the drum 
is rotated in a second direction iha contents are discharged firom said drum; wherein, the 
drum is formed by a method comprising the steps of ; 

a) preparing a first generally helical inner mold part containing a sui&ce e xtending 
between first and second helical edges; 
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b) tatu^untiiig the fizst helical izme^ 

o) enclosing ^ imer helical mold assrasbly wxtbin an outer mould £bn»ed by at least 
end oubsr mold part; 

d) fitting a second isating izmer helical nuildpar^ 
inner mold assembly; 

e) injecting a polyurethane elastomer into a cavity defined by said inner mold assembly 
and to outer moiild assembly to form an inner wall element comprising one half of 
an interior of the mixer and one helical blade; 

f) alloTTving said polyurethane to cure; 

g) lenioving said at least one outer inold parts to e7qx>se said inne^ 

h) removing said inner wall element one of said inner nwlds; 

In another broad form of the apparatus aspect, the present invention comprises: 

a. vehicle mounted coniOTete mixing drum formed by a method of manu&cture comprising 

ihc stqps of; 

a) taking a helical imier mould part and mounting the mould on a support 

b) placing at least one external mould in opposing relationship to said inner mould; 

c) injecting a flowable material into a space formed between said inner mould and said 
outer mould such fljat the flovk^blenmterial forms a helical element which will fonn 
at least part of an inner sur&ce of said drum; 

d) •mmoving the at least one outer mould; 

e) xemovix« the helical element fixim said inner mould; 

f) repealing steps a) - e) so as to form a second helical element 

g) preparing an exterior sur&ceofthe helical elements for bondi^ 

of (gflass fibre. 
Preferably the iHowable material is polyurethane. 

According to one cmbodim^t the heUcal blades projecting from an inner surfece of said 
drum have a pitch dimension of between U 2 metexs and are formed by elastomeric 
matedal. Preferably the waU strength ofsaid drum is aroutvi600MPa at a wail thickness 
of 8mnL Prefombly the i)olyurediane forms an inner layer which is approximately 3tam 
thick. 
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Preferably ibe structural layea* coinprises filament windii^ fmjtnng a lay^ of 
approximately Smmthickiuess, 
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In another broad farm fb& preseot invention comprises; 
15 a heavy duty rataxy concrete mixing drum capable of attachment to a v^ole; the drum 

coxxpnbing a first end which engages a ddve assembly which rotates said drum for 

mixing of said concrete and a second end from which mixed concrete is dischajrged; 

wherein said drum is manufactured from at least one layer of plastics material wherein the 

drum includes a wall having integral internal formations which promote mixing of said 
20 concrete and an inner sur&ce vi^hicb promotes mixing of the concrete at the boundary 

layer between the concrete and said inner sur&c^ whe^in flie drum is formed according 

to the meibod steps o£ 

a) taljcing a helical inner mould and mounting the mould on a support; * 

25 b) placing at least one external mould in opposing relationship tD said ituier mould; 

c) injecting polym^etbatie into a space formed between said inner mould and said outer 
mouldy 

d) removing the at leastone outer mould; 
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e) removing a biblical blade part from said ion&r mould; 

f) x^eatmg steps a) -e) so as to fom a second helix^ blade pail; 

g) matixig the first axid second heHca] blade parts with an ix^ 
g) pr^)anngattextenoroftiiedniro for bonding to a s1^^ 

5h b) winding the structural layer about said exterior. 

DETAILED DESCRIPTION 

Tbe present invention wiU now be described according to a prefened but non limitii^ 
embodiment and widi reference to the accompanying illustrations wherein: 
3 0 Figure 1 shoi^ a side elevation of an inner helical mould pai^ 

Figure 2 shows a side elevation of the mould part of figure 1 including e?qpIoded 
external moulds; 

Figures shows a side view of the inn^ mould part of Qgnies 1 and 2 iiilly enclosed by 
eodttnoal mould sections 
IS Figure 3a shows an ^darged view ofext^rnal moulds exploded from a helical bl^ 

Figure 3b shows an enlarged view of the assembly of figure 3a with outer mould parts 
moulds asseuibled 

Figure 4 shows out^ mold sections e3q>loded from die inner mould assemblty upon 
completion of injection of an elastomer. 
20 Figure S shows a bdica] blade part produced by and removed from fhe inner mould 
assembly of figure 4; 

Figure 6 shows a coupling of separate and complementary helical blade parts formed 
by the arrangements of figures 1-5 and which form an inner wall of the drum; 

Figure 7 show9 a housing for BssemVly in which the inner wall of the drum is placed 
25 aSer moulditj^ helical blade parts fbr preparation of the blade parts to receive 

an outer structural layer; 

Figure 8 shows an assernbly including a mandrel for mounting said inner payer for 
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applying an outer structural layer of gjass fibre; 
Figure 9 shows acon^leted drum \tfifiit:Bck ring fitted; 

The conc^itraied wear points in the prior art steel drums reduces the working life of the 

5 drums necessitating cosdy repair or nq^lacement Stee] drums are fibricated fiom rolled 
flat sheets which form cones and a cyliod^ which are then joioed together by weldmg. 
Aichimedian spirals are then welded to tbe imier sur&ce of the drum resuttiiig in a high 
specific gravity vessel whose self weight reduces the amount of cxmcrete which can be 
carried by tiie vehicle to which it is attached. The steej drums suffer from a number of 

10 disadvanta^ includmg susceptibiHty to abrasion at the junctions of the cylindrical and 
conical sections and the tendency for unwanted concrete build upattibe. sharp comers and 
crevice formed by the mixing blades. In addition, the smooth internal sur&ce of the steel 
drum promotes slkUng abrasion and ixlhibits mixing at the boimdaiy layer due to the low 
coe£5cient of friction at the concrete/metal inter&ce. 

15 The method to be descnT>ed below is an alternative to both steel drums and flie plastics 
drums formed by the methods of manu&oture desmbed hi Xntemational Patent 
application No. PCT/AUOO/01226 to Rodgers and Khonri According to the method, a 
plastics heavy duty concrete mixing drum is formed using both infernal and external 
moulds. The drum tocludes an internal arcbimedian spimj fi>nned by hdical bkdcs or 

20 vanes which mix conarete during rotation of the drum in on© direction and discharge 
concrete vA\esn the drum is rotated in an opposite direction. The drum is generally pear 
shaped and includes an opening at one end for entry and discharge of concrete. 

25 The first step in the naethod according to one embodiment; involves the use of an interna] 
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mould A polyurefhane drum interior con^lete wiih internal helical blades is fmned 
between an interior and an exterior mould set Hie exterior moulds are easily remofved 
after tiis polyurefliane is formed, liowever because the mixer is a closed vessel wilb the 
dischai]ge opening smaller than fhe maximom diameter, and dne to the conq>]exity of 
5 the blade moulds, it is not possible to form tiie interior as one coxxqiylete pfece and then 
iceniove the mould. AjBcordingly^ the etastomeric drum interior is moulded in sectiom 
which can be removed fix)m the moulds, and tiben joined to form complete interior. 
This interior is then reinforced with structural layers to coa9>Iete the mixer. The joining 
together of two con^ilementaiy inner wall sections which are each formed by the same 
1.0 method steps sequentially is anew appnTach to fonning a drum interior not knowninthe 
prior art 

Refefxing to figure 1 there is shown an assembit^ 1 which comprises a sv^ppoA 2 vrbich 
receives and retains thereon a helical mould part 3. Mould 3 is shown in profile by line 4. 

15 Mould 3 is initially prepared in a separate mould having a hclioal interior so that moidd 3 
conforms to the shape of tiiat interior. Once mould 3 is formed, rt may be transferred 
manually or otherwise for mouxxdng on support 2 in preparation for receiving external 
moulds. Figure 2 shows a side elevation of &e mould 3 of figure 1 wiflt exploded 
opposing external mould parts S and 6. Mould parts 5 and 6 encs^>ture xnoidd 3 but leave 

20 a generally helical cavity therebetween. Once external mould parts 5 and 6 have been 
secured and sealed^ polyuretbane is icjected into the aforesaid cavity. It will be 
appreciated by persons skilled in the ait that more than two external moulds may be used 
to fulfill tbte same objectives of encapsulating inner mould 3, Figure 3 shows a side view 
ofthe inner mould 3 enclosed by external mould sections 5 and 6. 

25 Figure 3a shows an enlarged view of external moulds S, 6 and 7 eoqploded fiom ixmer 
mould 3 revealing a section view of a part helical blade 8 retrieved fiom cavity 
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defined by outer moulds 5 and 6 atid inner mould 3 fbllowing injection of polyurethaste. 
Tigure 3b shows an ealar^ section view of Ifae assexnbly of figure 3a witb moulds 
assembled. Moulds 5, 6 and 7 are sfaown in figure 3b in abutting relationship wi^ part 
helical blade 8, which is formed by ityection of a polymediane elasiom^ into a cavity 
fimned between moulds S, 6 and 7. 

Referring to figure4 there is shown outer mold sections 5 and 6 e^loded fiom the 
inner jtnouW assembly 1 t^jcn completion of injection of an elastom^. Upon remova] of 
inner mould section 3 part helical blade ( or blade element) 8 which has been fbrmed 
ftom the elastomeric material injected into the cavity defioied by assembled external 
moulds 5 and 6 and inn^ mould 3 as shown in figure 3 may be released. Figure 5 shows 
a first helical blade part 8 formed in a. first helical ( aichimedian) spiiaL Ihe above 
described process is repeated once agdn to form a second helical ( archimedian) spiral 9. 
Helical blade part 8 forms one half of a completed helical blade which is integrally 
disposed on an inner sur&ce of the drum formed by the processes described hereia A 
repeat of steps described with jeftarence to figures 1-5 result in a second helical inner 
blade element 9 which co operates with and is conyslementaxy to ]&elical blade element 8 
to fbrm a completed inner wall including integral helical blade Figure 6 shows a pair of 
helical blades 8 and 9 formed by the assembly and process as described with reference to 
figures 1-5 . Blades 8 and 9 arc in the form of two parallel helical spirals spaced at 180 
degree axial phase dififeience each with a reinforcing rod 10 ( see figures 3a and 3b) in 
the interior edge> which may be a continuous filament and resin rope. As these blades axe 
inlegral with the interior sur&ce of the mixer, tt is convenient to join these two structuxes 
along two helical lines mid way between the blades. In this way the interior is formed as 
two identical mouldings which can be removed fi?om the interior mould 3 and exterior 
mould sections 5» 6 and 7 and which also contain the coaQ)lete reinforcing rods 10. 
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The exterior moulds contain a layer of glass reinfbrccd plastic 'which bonds to tbe 
polyurediaDe vvdiich is formed, against it In ibis way the two mouJdixigs are fbimed with 
two helical jointing lines mid way between the blades and a sti£f inner shell ready to 
5 receive ihe structural layers is formed. 

According to one embodiment a pre&bred mettiod of manu&cturing the mixer is as 
follows. 

10 The inner helical mould 3 wUcb includes the sur&ce which extends £rom a joint line mid • 
way between two formed helical blades ( 3 and 9) to a mid-line mould joint line at an 
mner edge of ihe blade. Ihis sur&ce &ces towards the drive end of the mixer and 
contains a recess for the reinforcing rod or filament rope 10. The next step is fitting 
reinforcing rod 10 with polyurethanespaceis, v^iiich centralize the rod in a in inner 

15 mould 3. 

i 

A nsaiing inner helical mould is prepared and fitted and is jomed with sealing^ gasket 
along its inner edge. The helical inner mould 3 is enclosed within the three external 
moulds 5, 6 and 7» die sur&ccs of which are pre coated with glass fibre reinforced 
plastic^ to provide an interior moulding to the polyurethane elastomer. Seals are 

20 incorporated tito a joint formed between the inner and outer moulds. Followir^g ibis the 
polyurethane elastomer is moulded into the cavity formed between the inner and outer 
moulds. The elastomer polym^izes to form blade 8 which coii^)rises half the interior 
layer of the mixing drum. The polyurethane is allowed to cure where^pon ovier moulds 
5, 6 and 7 are lemoved to expose an inner shell and outer surfice of tibe polyuxe&bane 

25 blade part 8. This allows removal of ttie helical blade part 8 and interior polymeman& 
moulding. The above prooess is repeated to provide a second helical blade part 9 and 
interior moulding. The two helical blades 8 and 9 are then assemibled in a jig 1 1 as shown 
in figure 7 v^be^upon they are joined togetiier using a polyvirethane elastomer compound 
At this stage of the processing a drive ring is applied to the polyurethane layer whidi will 

30 form the inner layer of the mixing dfuia The jig is removed axjd tiie now formed inner 
layer of the drum is transferred to a winding station as shown in figure 8. 
A steel mandrell2 is inserted info tiie open ( discharge ) end 13 of the mixer so that it 
reaches the drive ring which is common to heavy duty drums of tbis ^pe. The drive ring 
v4ijch imparts rotation to the ndxer is spigotted and drilled to suit a gear box flange. The 

35 glass fibre reinforced plastic exterior of tbe polyurethane interior is bonded to the drive 
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ring and aOowed to cure. The glass fibre reiitforced plastic exterior is extended over tbe 
discharge end support flange which then torms eax enclosed vessel against the mandrel. 
An inflation pressure is applied to the interior of the mixer to ensure it conforms to fte 
interior of the jointing jig. The top half of the jig is removed and the external surfoc© of 
5 the polyethylene joints is covered vdih glass fibre reinforced plastics. Following that, tibc 
external s^xrSace of the moulded polyurethane interior of the mixer is prepared fbr 
bonding to tbe structural layer . 

Structural layers of glass fibre reinforced plasticare applied by one of the known methods 
standard to the industry such as : 
10 a) Contact moulding of random and/or ditectiondl glass fibres and lesin. 
h) Filanoent winding. 

c) Surfiice fmislung by filling and grinding or/ Moidding a gel coat finish using 
vacuum or pressure. 

The winding step is conducted after drum imer layer 1 1 is mounted on xuandrel 12. ( see 
15 figure 8). As represented by figure 9, the final step m the construction of the drum 14 
involves the installation of the tnack ring 

These are known in conventional heavy duty drums and comprise a cylmdrical rail 
attadtied to the xnix^ adjacent to the discharge end and which is siqiportedby two loUecs 
to allow ti)e mixer to be rotated by the gearbox at fiie drive end The ring is held in 

20 position with rubber gaskets vt^cb seal to tbe mixer and fbis space between the ring and 
the mixer is filled with a liquid polyurethane which bonds to both as it gels and cures. 
In operation this elastoms transmits the loads from the mixer shell to the steel track ring 
and hence to the steel support rollers. In this way tbe concentrated loads are spread and 
only low stresses are transmitted via the elastomer to the mixer shell 

. 25 According to one etnboditnent; a computer may be employed to program and control the 

ddiveiy of the potymer to the mold surfiice and the application of the structural layer. 

The winding of a fibre reinforced structural layer may involve con:q>uti» controlled 
unwixidmg of resm wetted fibre rovings fiom around a rotating former. The tensile 
30 strength of the windings n)ay be in the order of 600 MPa. To obtain the optimum physical 
properties of tbe filament wound structure tiie fibres are aligned to the loads imposed in 
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use of tfoe finisbed drum. Typical loadiogs on &e drum are axial bendix^ usder weigjit of 
^wet concrete^ an applied dynamic load at &e drive .end of tbe drum* driving torque and 
support loads at discharge end trunioo mils. Hie -winding pattern of the filaments aligns 
tbe fibres to withstand bending stresses, increasing in angle and in waO thickness towards 

s ilie discharge end to acoonomodate applied roUer loads. 

The rovisgs whioh line the drum may alternatively be dniwn tincough the resin bath and 
applied to the s\xrfiice of the drum as a wide ribbon oonoprising thousands of tensioned 
fibres. The windings overlap until the required thickness is reached. Tbe sur&ce of tibe 
drum may be covered with wet resin and snjall irregularities vAich need to be addressed 

10 to provide the external finish. As a result of this construction, the spiral mixing blades 
inside tbe drum are capable of withstandhig high bending and shear resistance during 
mbdng operations. Tbe inner etostomeric surfece is highly resistant to abrasion by 
concrete yet it is softer and ligjiter than the steel equivalent, Tbe hi^^ier resistance to 
abrasion is £tcilitated by the natural elastic deformation of the elastomer which absorbs 

IS ithe Idnetio energy of ttie concrete particles wifibeout gouging of the sur&ce n>aterial. In 
addition, due to ibe property of the im^ sud^ which wiU preferably be polyurefbane, 
tte con(^e will be mixed rather than slide at tiie boundary ^yer ensuring efSciettt 
mixing of the conciete throughout the mix and reduction of abrasion due to the smootb 
curves throughout the int^or of the drum. 

20 Furthermore^ the blades are strengthened by their molding integrally with the wall of the 
drum and have a stifEbess fiictor which will sustain all q[>plied nonnal operating loads, 
A flirther advaxitage in the use of plastics fi>r tbe rmxing drums lies in the diermal 
properties of the plastics matRrial Hot conditions are undesirable for concrete mixing as 
they accelerate hydration reducing concrete workability which is an essential property 

25 required immediately following a concrete pour. In veiy hot climates, the conventional 



18 



wo 03/101694 



PCT/AU03/00664 



Steel vehicle mounted luixmg 4rwos conduct high heat loads v^ch increase beat at fbe 
concrete boundary lay^ due to contact witis fbe siqper beated dram wall causing unwanted 
acceleraled hydration. Tbis phenomenon is dif^iculf to avoid with steel drums as tihe 
cooductivjty of steel leads to higji conductive heat transfer firo0i the outer skin of ib& 
5 dnnn to the umer vvall which is normany in contact vriSi liie concrete. In some hot 
climates, tee is placed in the steel drums in an attenoipt to sirest temperature increase 
inside the dnm As concrete hydration is an exothermic reaction, it is sensitive to 
externa] temperatures. AccordmgYy it is desirable that the concrete temponature remains 
acceptably low to ensure a satis&ctoiy level of workability and to retard hydration. Steel 

10 drums heat xsp signtficanf^sr and conduct hdat through ibsk fiiickness making the coooiete 
vufaierable to fbe vagaries of ten^eraiure variation. OverfaeatiDgoftfaeconoretemixiSft 
problem to be avoided ood has m accordance with one aspect provided a mettiod of 
manu&cture of a plastics drum to take the place of the conventiona] stee} drums thereby 
reducmg the umvanted e&bcts of bigb thermal conductivity typical of the steel drums. 

15 The plastics drum allows 'die concrete io remattx wofkable mside the drmn for longo: 
periods compared to concrete in steel mixioig drums mvte &e same external ten^K^ature 
conditions and transporting concrete. 

Tbe method of construction of a plastics concrete mixing drum as described herein 
provides an alteniative yet efiScjent method of production of plastics drums. The methods 
20 described herein allow 6>t mass production with reduction in the number of production 
steps composed to fbe known methods. 

It will be recognized by p^sons skilled in the art that numerotts variatioos and 
modifications may be made to the invention as broadly described herein without 
departing from the overall spirit and scope of the invention, 
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TOE CLAIMS DEFINING THE INVENTION ARB AS FOLLOWS: 

1 A mediod of manu&cturd of a vehicle mouojEed rotaiy conciete mixing drum 
of fbe type having an opening at one end for rec^ving and/or discharge of concrete 
thmfirom and at the other end, means for engaging a drive assembly $o as to rotate fte 
drum for mixing or discharging concrete; wherein, the drum is manuJ&ctmed £rom at 
least one mould usit^ at least one plastics noaterial; wherein the drum furth^ includes 
integrally atiaclied vanes wliich oiHstand from the infiema] sur&ce of the drum fynmng m 
axchnnedian spiral disposed such that when tbe drum is rotated in a first direction, liie 
conoiete contents are mixed and "when the drum is rotated in a second direction tbe 
contents axe discharged from said drum; wherein, the method conqirises the steps of; 

a) preparing a first genoraUy helical mner mold part containing a sui&ce extending 
between first and second helical edges; 

b) mounting the first heljcaJi inner mould part on a support 

c) enclosing tfie inner helical mold assembly within an outer mould formed by at least 
one out^ mold part; 

d) fittittg a second xoating inner helical mold part to Ibefite^ 
inner mold assembly; 

e) injecting a polyurethane etestomin into a cavity defined by said inner mold assembly 
and the outer mould assembly to form an inner wall element comprisinig one half of 
an interior wall of fhe mixer and one heUcal blade; 

f) allowing saidpQl3anrethane to cure; 

g) removing said at least one outer mold parts to e:?q3osG said inner wall element; 

h) removing said inner wall element one of said inner molds; 

2 A method according to claim 1 comprising tiie additional step of placing a 
rexnforciog member in a recess fyrnusd m said inner mold part 
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3 A method according to claim 2, whereia steps a) - h) are Treated fbercby 

providing a second heUcal inner wall element 

5 4 A method according to claim 3 wherein the first and second helical inner wall 

elements are complimentary and combine to form an inner wall sur&ce of the mixing 
drum. 

5 A mefiiod according to claim 4 comprising the further step of placing said first 
and second helical inner wall elements into a jig where opposing edg^s of said elements 

10 are held adjacent; Ihe wall elements defining an inner cavity of said drum. 

6 A method according to claim 5 wh^etn said opposing edges are sealed to 
cotqpletB said inner wall of said driim. 

7 A method according to claim 6 comprising the further step of removing said 
inner wall from said j ig and placing said inner wall on a mandrel such that the mandrel is 

IS disposed in said inner cavity. 

8 A method according to claim 7 wherein the inner wall is placed on said 
mandrel via an open end of said inner wall 

9 A method according to claim 8 comprising the further step of applying 
structural layers of glass fibre reinforced plastic to the polyureti^e inner layer. 

20 10 A method according to claim 9 viierein the internal sur&ce of tiie drum 

includes an elastomer which aUows mixing of the contents of the concrete at a concrete 
boundary layer; 

11 A method according to claim 10 wherein said reinforcing member' is a 

continuous rope inserted in a recess in said blades. 

25 

12 A method of construction of a plastics couCTcto mixing drum wherein die 

method includes the use of inner and outer molds each made up iSrom separate mould 
parts which are divided along two helical lines thereby allowing fonnation of a drum 
interior wall from two conq>lementary mould parts. 
30 13 A method of manufacture of a vehicle mounted rotaiy concrete nmdng drum 
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of tbe type having an opening at one end for reoeiviiiig and dlmohaige of concrete 
tiiere&om and at the otter end mieans for mgaging a drive assembly so as to rotate the 
dnun for mixing or discharging concrete; v^iimin, the drum is nsanu&ctumd ftom at 
least one inner mould and at least one opposing outer moidd; wherein the dnun includes 
integrally ailacbed vanes which outstand fiom the internal sur&ce of the drum forming an 
archimedian spiral disposed such lhat when the drum is rotated m a first direction, the 
concrete contents are mixed and when ibe drum is totaled in a second direction the 
contents ate discharges fiom said dnmi; and wherein the internal surface of the drum is 
fiDnned or lined with an elastomer which causes mixing of the contents of the concrete at 
the concrete boundary layer; wherein the method coniprises the steps of; 

a) prepaxiAg a first inner helical mold containing a surl&ce intermediate side edges of 
tibe mould; 

b) placing a reinforcing rod in a lecess in said inner mold; 

c) enclosing the inner heUcal mold assembly witidna^ 

d) sealing ajoxnt between said inner nKild part and said at least one o^^ 

e) iigectiag a polytirethane ^astomer int() a cavity and said 
at least one outer mold part to fom an inner helical wall element comprising one half of 
an interior oftlte mixer and one helical blade; 

g) allowing said polyuretbane to cure; 

h) removing said at least one outer mold parts; 

i) removing one of said inner molds; 

j) removing the interior polyuxetfaane inner helical wall element molding fiom the 

remainder of die inner mold assembly; 

k) nqpeatingstqps a) -j)^fonn a second inner wall element 

14 A method according to claim 13 conqirising the further steps of : 

a) placing a second intier wall element along with said first inner helical wall element in 
a jig where the jointing surfaces are held adjacent so as to form an inner wall; 

b) sealing thejoin formed by said jointing sur&ces. 

15 A method according to claim 14 wherein comprising .the additional step of 
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a) inserting a mandrel into an open discharge end of a drum interior ; 

b) windtnig stnictiiml layers of glass fibre reinibioed plasdo about an outer surfice of 

said inner waU. 

16 A ixiethodofconstniction of a plastics mixing dnimoon^r^ 
5 a) preparing a fiist inner mold containing a sur&ce extending fiom a joint line midway 
between two helical blades to a mid line jhoidd joint line at an inner c4gc of said blades; 

b) placing a reinforcing rod in a recess in said inner niold; 

c) fitting a second n»ting inner helical mold to fi>nn an tamer mold assembl3r, 

d) enclosing the inner helical mold assemb^ within at least one outer mold part; 

10 e) sealing a joint between said inner mold assembly and said at least one outer mold 
part; 

injecting a polyurethane elastomer into a cavity defined by said imer mold assembJy and 
said at least one outer mold part to form one half of the interior of fbe mixer and one of 
die helical blaxlcs; 
15 f) allowuig said polyurethane to cure; 

g) removing said at least one outer mold parts; 

h) lemovingoneofsaid inner molds; 

i) i^moving tiie interior polyurethane molding from the remainder of the inn^ mold 
assembly; 

20 j) placing said two helical blade and interior moldings m a jig where the jointing 
sur&ces are held adjacent; 

k) inserting a mandrel into an open discharge end of lie drum; 

1) applying structural layers of glass fibre reinforced plastic the polyurethane layer. 

25 17 A method according to any of the foregoing claims wh^ein the reinforcing is 

fitted with spacers which centralize the rod in its recess. 

18 A metiiod according to claim 17 wherein, the first and second inner helical 

mold elements are jointed with, a sealing compound or gaskets along an inner edge. 

30 19 A melbod according to claim 17 wherein the out^ mold is formed in three 

sepaia:^ mold parts. 

20 A method according to claim 19 wherein, tbie joint between said two inner 

helical elements forming a helk»l blade is made wilii a polyurethane elastom^ 
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COSOpOtUKL 

21 A method of xnano&ctuie of a vehicle mounted concreto mixing drum 

5 conqnising ihs, steps oi^ 

a) fakicig a helical im:ier mould part and momitmg the moiild on a si^)port; 

b) placing at least one external mould in opposing relatfoiiship to said imier mould; 

o) ii^ecting a flowable material into a space formed between said inner mould and said 
10 outer mould such that the flowable nmtorial forms a helical element which will form 

at least part of an inner surftce of said drum; 

d) removing the at least one outer mould; 

e) reimvitig the helical e]envsx)t from said inner mould; 

f) repeating st^s a) -e) so as to form a seoozKl helical eiemenl^ 

15 g) prepariz^anc^cteriorsur&ceoftheheUcalelemfinlsfiu'boudingtoastr^^ 
of 0siss fibre. 

72 A method according to claim 21 wherein the flowable mafierial is 

polyuretbane, 

20 23 A method according to claim 22 wherein^ said first and second helical 

elements are joitied in a ji^ to fibiman inner sur&ce of said drum. 

2 

24 A me&od according to claim 23 comprising the further step of preparingan 
extenar sur&ce of the ndx^ for bonding to a stnu^tural l^rer of glass fihze. 

25 

25 A method according to claim 24 con^rising the additional step of winding a 
structural layer of fiberglass about said exterior sur&ce. ^ 

26 A vehiole mounted rotary concrete mixing drum of fhe type having an 
30 opening at one end for receiving and/or discharge of concrete tfaerefiom and at the other 

end, means for en^ging a drive assembly so as to rotate the drum for mixiz]^ or 
dischargiag concrete; wherein, the drum is manufactoied from at least one mould using 
at least one plastics material; wh^in fhe drum fimfaer includes itttegrally attached vanes 
inribicfa oiitstand from tbe fntemal sur&ce of the drum forndng an archimedian spiral 
35 disposed such that when the drum is rotated in a first direction, fte concrete contetxts are 
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mixed and vAien the drum is rotated in a secozid direction the contents are discharged 
from said drucx wherein, the drum is fi)imed by a method conqmsii^ the steps of; 

a) preparing a first generally helical inzier mold part containing a sur&ce extrading 
between first and second helical edges; 

b) mouotiaeliiejSistheUcal inner mould part on a siqsport 

c) ^closing ttie inner helical mold assembly vri&dn an out^* mould formed by at least 
one outer mold part; 

d) jSttiogasecosdmatiCig tmierheUcal mold part to the Curst inner mou]d part 
inner mold assembly; 

e) injecting a poljrurethane elastomer into a cavity defined by said inner mold assembly 
and the outer mould assembly to form an inner wall element conQ^rising one half of 
an interior waU of the mixer and one helical blade; 

i) allowing said polyuxetfaane to cur^ 

g) removing said at least one outer rnold parts to expose said inne^ 

h) removing said inner wall elemrat one of said inner molds; 

27 A vehicle mounted concrete mmng drum formed by a method of manu&ctore 
comprising the steps of; 

a) taking a helical inner mould part and mounting the mould on a siq^port; 

b) placing at least one external mould in opposing reIationshq> to said inner mould; 

c) i^lectio^ a flowable material into a space formed between said inner mould and said 
outer mould such that the flowableixiateriai forms a helical element which will form 
at least part of an inner sur&ce of said drum; 

d) removing the at least one outer mould; 

e) removing the helical element firom said irtner mould; 

f) repeating steps a) - e) so as to forma second helical element; 

g) pzepaTinganexteriorsur&u»of the helical dements for bondu^ 
of glass fibre. 

28 A concrete mixing drum accordingto claim 27 wherein the flowable material 
is polyuretbane. 

29 A concrete roixing drum according to claim 27 wherein helical blades 
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projectiEig jGrom an inner surfitce of said dram have a jnfich dimension of between 1- 2 
meters and are formed by elastomeric xnaterial 

30 A mixing dnm dcu>n]z]ig to claim 2S wl^^ the wall strexigtfa of said drum 

is aroxmd 600MPa at a wall thickness of 801m. 
5 31 A mixing drum according to claim 29 whereio the polyuretfaane forms an 

inner layer vAmh is approximate^ 3mm thick. 

32 A mixing dmm according to claim 31 wherein and said slructinal' layer 

con^nisesjSlament windings formingalayer ofapproxinmtely Smmthickn^s. 



15 



26 



wo 03/101694 



1/2 



PCT/AU03/00664 




wo 03/101694 



2/2 



PCT/AU03/00664 




INTERNATIONAL SEARCH REPORT 



Intemational application No. 
PCT/AU03/00664 



CLASSIFICATION OF SUBJTECT MATTER 



Iota. 



B28C 5/42, B29C 45/14, B29D 23/00 



According to Inteniational Patent Classification (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
B28C 5/42, B29C 45/14. B29D 23/00 



Documentation seardied o&er than minimum documentation to Hic extent that such documents are included in the fields searched 



Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used) 
DWPI: (CEMENT OR CONCRETTE) (S) MIXER+ AM) (PLASTIC+ OR POLYURETHANE+) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to 

claim No. 



WO 0126871 A (KHOXJRI A) 19 April 2001 

See page(s) 6 line 21 to 7 line 2, page 10 lines 3 to 4, and figures 17, 19. 



WO 9732702 A (MINTOAK PTY. LTD.) 12 September 1997 



US 5056924 A (Christenson) 15 October 1991 



12-15, 21-25, 
27-32 



I I Further documents are listed in the continuation of Box C [x] See patent family annex 



* Special categories of cited documents: 
"A** document definii^ the general state of the art T** 
whidi is not considered to be of particular 
relevance 

"E" earlier application or patent but published on or "X** 
after the mtecnational filing date 

**L" document which may throw doubts on priority *'Y" 

claun(s) or which is cited to establish the 

publication date of another citation or other special 

reason (as specified) 
'*0^ document referring to an oral disclosure, use. 

exhibition or other means 
"P" document published prior to the intemational filing 
date but later than the priority date claimed 



later document published after the hitematlonal filing date or priority date 
and not in conflict with the application but cited to understand the principle 
or theory underlying die invention 

document of particular relevancy the claimed invoition cannot be 
considered novel or cannot be considered to Involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cazmot be 
considered to involve an inventive step when die document is oonibined 
with one or more other such documents, such combination being obvious to 
aperson skilled in tiie an 
document member of die same patent fionily 



Date of the actual completion of the intemational search 
15 August 2003 



Date of mailing of the int^national search report 2 Q AUg 2003 



Name and mailing address of the ISA/AU 

AUSTRALIAN PATENT OFFICE 
PO BOX 200. WODEN ACT 2606, AUSTOALIA 
E-imil address: pct@ipau5tralia.g0v.au 
Facsimile No. (02)6285 3929 



Authorized officer 

JOHNDEUIS 

Tdephooe No : (02) 6283 2146 



Fonn PCT/ISA/210 (second sheet) (July 199S) 



INTERNATIONAL SEARCH REPORT 


Intemational a|)pUcation No. 


In&iiiiation on patent family members 


PCT/AU03/00664 



This Annex lists the fcoown "A" publication level patent family tnenobeis relating to ttie patent docmnents cited in the 
above-mentioned intemational search report. Tlie Australian Patent Office is in no way liable for Aese particulars 
which are merely given for the purpose of information. 



Patent Document Cited in Patent Family Member 

SeaichRi^oit 



wo 


200126871 


AU 


200078917 


BR 


200014121 


CA 


2382250 






CZ 


20021193 


. EP 


1226009 


HU 


200204016 






NO 


20021633 










wo 


9732702 


AU 


20868/97 










us 


5056924 


AU 
JP 


52918/90 
3222702 


CA 


2013511 


EP 


438852 



END OF ANNEX 



Foim PCr/ISA/210 (citation fiuinly annex) (luly 1998) 



